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AIR INJECTION APPARATUS FOR 
A TURBOCHARGED DIESEL ENGINE 
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Technical Field 

The present invention relates to engines equipped with or without 
exhaust-driven turbochargers, and more particularly to apparatus for improving 
the turbocharger boost at low engine speeds, while reducing engine exhaust 
emissions. 



Background of the Invention 

High power diesel engines are commonly equipped with exhaust-driven 
turbochargers to increase the engine output power by boosting the intake air 
pressure, and hence the density of the air/fuel mixture in the engine cylinders, 

1 5 Turbocharging can also be used to reduce soot emissions when the engine is 
operated at higher-than-stoichiometric air/fuel ratios, albeit at the expense of 
thermodynamic efficiency. Unfortunately, turbocharging also tends to increase 
the formation of oxides of nitrogen (NOx) due to the increased exhaust gas 
temperature in the exhaust manifold, and is relatively ineffective at low engine 

20 speeds in any event. Accordingly, what is needed is a way of reducing exhaust 
emissions in a turbocharged diesel engine without sacrificing engine operating 
efficiency, while at the same time improving turbocharger performance at low 
engine speeds to make the engine suitable for high torque, low speed operation. 



25 Summary of the Invention 

The present invention is directed to an engine preferably including a 
turbocharger coupled to an exhaust manifold of the engine and a supercharger 
for injecting air into the engine exhaust manifold at distributed locations 
thereof The injected air dramatically improves turbocharger boost at low 

30 engine speeds, while simultaneously cooling the gases in the exhaust manifold 
to reduce NOx formation. The injected air additionally reduces other exhaust 



emissions through secondary combustion, allowing the air/fuel ratio to be 
controlled closer to the stoichiometric ratio for improved thermodynamic 
efficiency. The engine is particularly well suited to high torque, low speed 
operation, such as for a vehicle hydrostatic drive in which the engine is 
connected to drive a variable capacity hydrostatic pump at a low and 
substantially constant speed. 

Brief Description of the Drawings 

The present invention will now be described, by way of example, with 
reference to the accompanying drawing, in which: 

Figure 1 is a system diagram of a vehicle powertrain embodying the 
principles of the present invention; and 

Figure 2 is a diagram of the air injection portion of the powertrain of 
Figure 1. 

Description of the Preferred Embodiment 

The present invention is disclosed herein primarily in the context of a 
roadway vehicle such as a truck equipped with a continuously variable 
hydrostatic drive. However, it will be understood that the invention is also 
useful both in other vehicular applications and in non-vehicular applications 
such as power generation stations. 

As indicated above, the present invention is fundamentally directed to an 
engine, and preferably a turbocharged diesel engine, in which a high flow of 
above-atmospheric pressure air is injected into the engine exhaust manifold at 
distributed locations to simultaneously improve engine power output, exhaust 
emissions and fuel efficiency. The injected air is provided by a supercharger, 
preferably at a flow rate of 100-250 CFM. The engine power output is 
improved because the injected air provides greatly increased exhaust airflow at 
low engine speeds to dramatically increase the turbocharger boost pressure. 
Although improved low speed power output is beneficial in nearly any 
application, it is especially beneficial in applications such as a vehicle 
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hydrostatic drive in which the engine is operated at a low and substantially 
constant speed. The engine exhaust emissions are improved because the 
injected air: (1) reduces the gas temperature in the exhaust manifold well below 
the temperature at which NOx emissions are formed; (2) promotes more 
5 complete combustion of the air/fuel mixture in the engine to reduce soot,; and 
(3) promotes secondary combustion in the exhaust manifold to reduce other 
exhaust emissions such as carbon monoxide (CO) and hydrocarbons (HC). The 
reduction of exhaust emissions through secondary combustion, in turn, allows 
the engine air fiiel ratio to be operated closer to the ideal stoichiometric air/fuel 

10 ratio for improved thermodynamic efficiency. The engine fuel efficiency is 
further improved in constant speed applications such as continuously variable 
hydrostatic drives where losses associated with accelerating and decelerating the 
engine are minimized. 

Referring to Figure 1, the reference numeral 10 generally designates a 

1 5 motor vehicle powertrain including a diesel engine (ENG) 12 and a hydrostatic 
drive 14 for coupling the engine motive power output to a conventional drive 
arrangement including a drive shaft 16, a differential gearset (DG) 18, drive 
axles 20, 22 and drive wheels 24, 26. The hydrostatic drive 14 primarily 
includes a variable capacity hydraulic pump (HP) 28 driven by the engine 12, a 

20 hydraulic drive motor (DM) 30 coupled to the drive shaft 16, and a hydraulic 
valve assembly (HVA) 32. The drive motor 30 is preferably implemented with 
two individual drive motors ganged together; one drive motor is designed for 
high torque, low speed operation, while the other is designed for low torque, 
high speed operation. In general, the hydraulic pump 28 supplies fluid to drive 

25 motor 30 by way of hydraulic valve assembly 32, while directing a portion of 
the fluid to a reservoir 34. The HVA 32 is operated by the powertrain control 
module (PCM) 42, and includes a number of solenoid-operated valves that are 
selectively energized or deenergized by to control fluid flow. The PCM 42 is 
powered by a vehicle storage battery 44, and preferably includes a micro- 

30 controller for carrying out a prescribed control of HVA 32. The PCM 42 is also 
coupled to hydraulic pump 28 for controlling its pumping capacity, and to an 
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engine fuel controller (EFC) 48 for controlling the quantity of fuel injected into 
the engine cylinders. In a particularly advantageous mechanization, PCM 42 
controls the capacity of hydraulic pump 28 to satisfy the vehicle drive 
requirements, while controlling EFC 48 to maintain a low and substantially 
5 constant engine speed such as 1000 RPM. The hydrostatic drive 14 additionally 
includes first and second charge pumps (CP) 52, 54 ganged together with the 
HP 28. The first charge pump 52 supplies control pressure to HP 28 firom 
reservoir 34, and the second charge pump 54 supplies hydraulic fluid from 
reservoir 34 to an auxiliary hydraulic drive motor (ADM) 56, described below. 

1 0 The engine 1 2 includes an intake manifold 1 2a for receiving intake air 

and an exhaust manifold 12b for collecting the engine cylinder exhaust gases. 
Figure 2 illustrates the exhaust manifold 12b of a typical diesel engine having 
in-line cylinder configuration. The cylinder exhaust gases are discharged into 
the left and right portions or rurmers of the exhaust manifold 12b, and are 

1 5 channeled toward a central collection plenum 12c with one or more exit ports 
12d. In a typical application, the left-hand and right-hand portions of the 
exhaust manifold 12b may be separate castings that are individually bolted to 
the engine 12. In any event, the exhaust gas exit ports 12d lead to the impeller 
section (I) 60a of an exhaust-driven turbocharger 60 en route to an exhaust pipe 

20 or header 62. The impeller section 60a drives a compressor section (C) 60b of 
the turbocharger 60, which compresses atmospheric pressure air for delivery to 
the intake manifold 12a. The inlet atmospheric pressure air passes through an 
inlet air filter (lAF) 64, and is delivered to the compressor section 60b via low 
pressure conduit 66. The high pressure air at the outlet of compressor section 

25 60b is passed though an intercooler 68 by the conduits 70, 72 en route to the 
intake manifold 12a. 

In a conventional turbocharged diesel engine, the gas temperature in the 
exhaust manifold is well above 1700 ""F, the temperature above which NOx 
emissions are readily formed. Moreover, since a conventional turbocharger 

30 produces little boost at low engine speeds, the air/fuel ratio in the engine 

cylinders becomes too rich when the fuel delivery is increased to accelerate the 
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engine. As a result, partially consumed fuel is discharged into the exhaust 
manifold, producing objectionable levels of soot until the engine speeds up and 
the turbocharger produces sufficient boost. The soot formation problem and the 
low speed power deficiency can be addressed by some external means that 
5 speeds up the turbocharger impeller or otherwise provides the intake air boost, 
but at the expense of increased NOx formation due to high cylinder and exhaust 
manifold temperatures and long residence times. The present invention, on the 
other hand, provides an approach that not only achieves low speed soot and 
power improvements, but also achieves significant improvements in NOx 

10 emissions and fuel economy. 

Referring to Figure 2, the present invention is carried out by using a 
mechanically driven supercharger (SC) 74 to deliver high pressure air to the 
exhaust manifold 12b at distributed locations along its length. The inlet air is 
passed through an inlet air filter 64 (which may be the .same inlet air filter used 

15 by the turbocharger 60, or a different inlet air filter), and delivered to the 

supercharger inlet by a conduit 76. The supercharger outlet is coupled to a high 
pressure plenum 78 from which a number of branches 78a inject the air into 
distributed locations of the exhaust manifold 12b, preferably at a flow rate of 
100-250 CFM. In a preferred embodiment, the number of branches 78a is equal 

20 to the number of engine cylinders discharging exhaust gases into the manifold 
12b, and the air is injected in proximity to the points at which the exhaust gases 
are discharged into the manifold 12b. The temperature of the air injected into 
exhaust manifold 12b by supercharger 74 is approximately 307 ""F, effectively 
cooling the exhaust gasses to approximately 350 ''F, well below temperatures at 

25 which NOx emissions are readily formed. Interestingly, this also has the effect 
of reducing the required cooling capacity of the liquid coolant circulated 
through engine 12, thereby reducing the engine power requirements for coolant 
pumping and radiator airflow. 

In the illustrated embodiment, the supercharger 74 is driven by a 

30 hydraulic accessory drive motor (ADM) 56 powered by hydrauHc fluid fi-om 
charge pump 54 as mentioned above. This is particularly advantageous in the 



context of a hydrostatic vehicle drive since the additional hydraulic fluid 
pressure for powering the supercharger 74 is available at very little extra cost, 
and the capacity of ADM 56 can be controlled by the PCM 42 as indicated to 
optimize the rotational speed of supercharger 74 regardless of the engine speed. 
Furthermore, the supercharger 74 may be located remote from the engine 12 as 
implied in Figures 1-2, which allows the supercharger 74 to be mounted in a 
location that provides cooler inlet air and easier mounting and routing of the air 
conduits. Of course, the supercharger 74 can alternatively be driven by a 
different rotary drive source such as an electric or pneumatic motor, or the 
engine 12. 

In summary, the air injection apparatus of the present invention 
simultaneously contributes to improved exhaust emissions, engine power output 
and fuel efficiency, and makes a turbocharged diesel engine particularly well 
suited to highly efficient low constant speed operation in a hydrostatic vehicle 
drive. While the invention has been described in reference to the illustrated 
embodiments, it should be understood tiiat various modifications in addition to 
those mentioned above will occur to persons skilled in the art. Accordingly, it 
will be understood that systems incorporating these and other modifications may 
fall within the scope of this invention, which is defined by the appended claims. 



